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SURFACE WAVE DIRECTIONAL
DETECTION SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a surface wave directional
detection system and method, and more particularly relates
to a surface wave directional detection system and method
for determining the direction in one or two dimensions
which an electromagnetic wave within a known range of
frequencies 1s propagating along a metal surface.

2. Description of the Related Art

It 1s well known that electromagnetic waves will propa-
cgate along an open metallic surface. If the surface 1s coated
with a dielectric material or if the surface 1s corrugated, the
clectromagnetic wave energy 1s confined to the vicinity of
the surface. More particularly, when the metallic surface 1s
coated with a dielectric material or 1s corrugated, very little
of the electromagnetic energy of the wave 1s radiated away
from the surface as the wave propagates thereon. Such
clectromagnetic waves may be initiated upon a metallic
surface by specially designed launchers. They also may be
launched by electromagnetic waves emanating from a
remote source which arrive incident upon the metallic
surface. In some applications, it 1s required to determine the
direction of these electromagnetic surface waves.

OBIJECTS AND SUMMARY OF THE
INVENTION

It 1s an object of the present invention to provide a surface
wave directional detection system and method for determin-
ing the direction in one or two dimensions of an electro-
magnetic wave within a known range of frequencies propa-
cgating along a metallic surface.

It 1s another object of the present invention to provide a
surface wave directional detection system and method which
does not require measurements to be made at radio frequen-
cies (RF).

It 1s a further object of the present invention to provide a
surface wave directional detection system and method which
can determine the direction of travel of an electromagnetic

surface wave, which determination 1s made independently of
the signal strength of the electromagnetic wave.

It 1s yet another object of the present invention to provide
a surface wave directional detection system and method
which can determine the direction of travel of an electro-
magnetic surface wave, which determination may be made
by comparing DC voltage signals.

In one embodiment of the present invention, a surface
wave directional detection system determines the direction
in one dimension 1n which an electromagnetic wave 1s
propagating along a metallic surface, such as a metallic plate
having a top and bottom surface. The system includes a first
loop probe positioned upon or 1n close proximity to the top
surface (along which the electromagnetic wave propagates)
such that a first loop plane 1n which the first loop probe
resides 1s positioned normal to the top surface. Also included
1s a second loop probe preferably equal 1n size to the first
loop probe and positioned upon or 1n close proximity to the
top surface at a distance from the first loop probe approxi-
mately equal to one quarter of a wavelength of a surface
wave propagating thereon such that a second loop plane in
which the second loop probe resides is positioned normal to
the top surface and preferably coplanar to and 1n line with
the first loop plane so that the electromagnetic surface wave
induces a signal 1n the first and second loop probes.
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The first and second loop probes are electrically con-
nected to a center conductor of a transmission line or the like
that 1s disposed below the bottom surface of the metallic
plate, the two connection points being separated from each
other by a distance approximately equal to one quarter of the
wavelength of the wave 1n the transmission line. The system
also includes a first and a second RF detector, each coupled
to an opposite end of the transmission line, and means for
comparing the output signals of the RF detectors and for
determining therefrom the direction the electromagnetic
surface wave 1s propagating.

In accordance with another embodiment of the present
invention, a surface wave directional detection system has a
first loop probe positioned upon or in close proximity to a
top surface of the metallic plate (along which the electro-
magnetic wave propagates), and a second loop probe, pref-
erably equal 1 size to the first loop probe, positioned upon
or in close proximity to the top surface at a distance from the
first loop probe approximately equal to one quarter of a
wavelength of an electromagnetic surface wave propagating
thereon such that first and second loop planes 1in which the
first and second loop probes respectively reside are prefer-
ably aligned and coplanar and are perpendicular to the top
surface so that the electromagnetic surface wave induces a
signal 1n the first and second loop probes.

A first transmission line or the like 1s electrically con-
nected to the first loop probe at a first end of the transmission
line and to a first input port of a hybrid coupler at a second
end of the transmission line, and a second transmission line
1s electrically connected to a second loop probe at a first end
of the line and to a second input port of the hybrid coupler
at a second end. Also included are a first RF detector
clectrically coupled to a first output port of the hybrid
coupler, a second RF detector electrically coupled to a
second output port of the hybrid coupler, and means for
comparing the output signals of the RF detectors and for
determining therefrom from which direction the electromag-
netic surface wave 1s propagating.

In one i1mplementation of the above-described
embodiment, the electrical length of the first transmission
line equals the electrical length of the second transmission
line plus an amount approximately equal to one quarter of
the wavelength of the electromagnetic surface wave, and the
hybrid coupler is a 180° hybrid. In a second implementation
of the above-described embodiment, the electrical length of
the first transmission line equals the electrical length of the
second transmission line and the hybrid coupler 1s a quadra-
ture hybrd.

In accordance with yet another embodiment of the present
invention, the surface wave directional detection system
determines the direction 1 two dimensions 1n which an
clectromagnetic surface wave within a known range of
frequencies 1s propagating along a metallic surface. The
system 1ncludes a first set of loop probes containing a first
and a second loop probe, preferably equal to each other 1n
size, positioned on or 1n close proximity to the metallic
surface and separated by a distance approximately equal to
one quarter of a wavelength of the electromagnetic surface
wave propagating thereon such that a first and second loop
plane 1n which the first and second loop probes respectively
reside are preferably aligned, coplanar with each other and
perpendicular to the top surface.

The system further includes a second set of loop probes
containing a third and a fourth loop probe, also preferably
equal to each other in size, and positioned on or in close
proximity to the top metallic surface at a distance approxi-



6,075,498

3

mately equal to one quarter of a wavelength of the electro-
magnetic surface wave such that a third and fourth plane in
which the third and fourth loop probes respectively reside
arc preferably aligned, coplanar with each other and per-
pendicular to the top surface. Also, the common plane in
which the first and second loop planes reside 1s preferably
disposed perpendicular to the common plane in which the
third and fourth loop planes reside. The electromagnetic
surface wave 1nduces signals 1n the first, second, third and
fourth loop probes.

The system further includes a first, a second, a third and
a fourth transmaission line or the like, electrically connected
to the first, second, third and fourth loop probes,
respectively, and having equal electrical lengths, a first
quadrature hybrid with a first and second 1nput port, each
electrically coupled to the first and second transmission
lines, respectively, and a second quadrature hybrid having a
first and a second 1nput port, each electrically coupled to the
third and fourth transmission lines, respectively. The system
still further includes a first and a second RF detector,
respectively electrically coupled to a first and second output
port of the first quadrature hybrid, a third and a fourth RF
detector, respectively electrically coupled to a first and a
second output port of the second quadrature hybrid, and
means for comparing signal energy detected at the {irst,
second, third and fourth RF detectors and for determining
therefrom from which direction the electromagnetic surface
wave 1s propagating.

In accordance with yet another embodiment of the present
invention, a method 1s provided for determining the
direction, such as in two dimensions as described below, 1n
which an electromagnetic surface wave 1s propagating along,
a metallic surface. The method contains the steps of posi-
fioning a first and a second loop probe upon or in close
proximity to the metallic surface such that an electromag-
netic surface wave propagating thereon induces signals 1n
the first and second loop probes that are out of phase with
cach other, and positioning a third and fourth loop probe
upon or 1n close proximity to the metallic surface such that
signals induced 1n the third and fourth loop probes are out of
phase with each other. The first and second loop probes
preferably reside 1n one plane and the third and fourth loop
probes preferably reside 1n another plane, and the four loop
probes are positioned such that their respective planes are
perpendicular to each other.

The method further includes the steps of delaying a first
portion of the signal induced 1n the second loop probe by a
predetermined time and combining the delayed portion with
a first portion of the signal induced 1n the first loop probe to
form a first composite signal, and delaying a second portion
of the signal induced 1n the first loop probe by a predeter-
mined time and combining the delayed second portion with
a second portion of the signal induced 1n the second loop
probe to form a second composite signal, such as by using,
a quadrature hybrid. In a similar manner, a portion of the
induced signal from the fourth loop probe 1s delayed and
then combined with a portion of the induced signal from the
third probe to form a third composite signal, and a portion
of the induced signal from the third probe 1s delayed and
then combined with a portion of the signal from the fourth
loop probe to form a fourth composite signal. The method
further includes the step of comparing the four composite
signals and generating an output signal 1n response to this
comparision, which output signal 1s mndicative of the direc-
fion of propagation in two dimensions that the electromag-
netic wave 1s travelling on the metallic surface.

These and other objects, features and advantages of this
invention will become apparent from the following detailed
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4

description of the preferred embodiments which 1s to be read
in connection with the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram depicting one embodiment of
the surface wave directional detection system of the present
mvention;

FIG. 2 1s a block diagram depicting a second embodiment
of the surface wave directional detection system of the
present 1nvention;

FIG. 3 1s a block diagram of another form of the surface

wave directional detection system of the present invention as
depicted 1n FIG. 2;

FIG. 4A 1s a top plan view of a metallic surface upon
which 1s disposed two sets of loop probes of the surface
wave directional detection system of the present invention;

FIG. 4B 1s a block diagram of the surface wave directional
detection system depicted in FIG. 4A; and

FIGS. 5A and 5B are graphs showing voltage signals
detected at the RF detectors of the surface wave directional
system depicted 1n FIG. 4B.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 1llustrates one embodiment of the surface wave
directional detection system of the present invention. The
surface wave directional detection system shown in the
figure 1s adapted for detecting the direction of propagation in
one dimension of an electromagnetic surface wave travelling
along a metallic surface. For purposes of illustration, the
metallic surface along which the electromagnetic wave
travels 1s depicted 1n FIG. 1 as being the top metallic surface
la of a metal plate 1, also having an opposite bottom metallic
surface 1b. The system includes a first loop probe 2 and a
second loop probe 3. The first and second loop probes 2 and
3 are preferably equal 1n size and disposed on or 1n close
proximity to the top metallic surface 1a and are preferably
spaced apart at a distance from each other equal to about one
quarter of a wavelength A of an electromagnetic wave within
a known range of frequencies propagating upon the surface.
Each of the first and second loop probes 2 and 3 reside 1n a
respective loop plane, and each loop plane preferably is
aligned and coplanar with each other and each 1s preferably
perpendicular to the plane 1n which the top metallic surface
la resides.

The magnetic field of the electromagnetic surface wave
induces a current signal in the first and second loop probes
2 and 3. Because the magnetic field of an electromagnetic
wave 1s directed perpendicular to the direction of
propagation, the mduced current signals are at a maximum
when the propagation direction follows a line which 1s
parallel to the plane 1n common between the first and second
loop probes 2 and 3. Further, because of the spacing between
the loop probes, the energy arriving at loop probe 2, for
example, from a wave travelling from the left when viewing
FIG. 1, induces a signal that 1s out of phase with that signal
induced by the energy arriving at loop probe 3. The phase
difference 1s a function of the angle of incidence of the signal
moving along the top surface la relative to the loop probes
and the spacing between the loop probes. If the angle of
incidence 1s 0°, i.e., the wave is travelling in a direction
parallel with the common plane of the probes, and the
spacing between probes 1s a quarter wavelength, the mag-
netic field 1s at a maximum and the phase difference 1s equal
to 90° or ¥4 wavelength of the wave propagating on the
metallic surface.
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The mechanical dimension of loop probes 2 and 3 should
be equal so that equal magnitude signals are induced within
them, 1.e., the loops have the same directive gain. If the loop
probes have different gains, then further gain compensation
or equalization, such as by using an amplifier or the like
coupled to the output of the probes, may be employed to
equalize their gains. The loop probes 2 and 3 also should be
short electrically 1n comparison to the propagating electro-
magnetic wave for good loop coupling of the electromag-
netic energy.

The system also contains a transmission line or the like 4
(for example, a microstripline wave guide or, as shown, a
coaxial cable) with a first end and a second end. The coaxial
transmission line shown also includes a center conductor 6
and a ground plate or shield 5§ (which may be connected to
the metal plate 1) separated by a dielectric Sa. The first and
second loop probes 2 and 3 are electrically connected to
center conductor 6, and the electrical distance between the
points where the probes are connected to the center
conductor, taking into account the material of the dielectric
Sa (and the width, if microstripline is used), is approxi-
mately equal to one quarter of a wavelength of the corre-

sponding electromagnetic wave propagating 1n the transmis-
sion line.

A first RF detector 7 and a second RF detector 8, each
having an mput and an output, are also preferably included
in the system of the present invention. The first RF detector
7 1s electrically coupled at its mput to a first end of
transmission line 4 for detecting signal energy therein, and
the second RF detector 8 1s electrically coupled at 1ts input
to an opposite second end of transmission line 4 for detect-
ing signal energy therein. The system also includes com-
paring means, which 1n one form may be a voltage com-
parator 9, electrically coupled to the outputs of the first and
second RF detectors 7 and 8 for comparing the magnitude of
the signals 1n the transmission line and provided to the RF
detectors and generating an output signal in response to this
comparison, which output signal 1s indicative of the direc-
fion the electromagnetic surface wave 1s propagating.

The magnetic field sampled by the loop probes induces a
current signal 1n the probes which, 1n turn, induces a time
varying signal on the transmission line 4. The power of the
signal induced on the transmission line by loop probe 2, as
well as the power of the signal induced on the line by loop
probe 3, 1s split such that a wave or time varying signal
travels 1n opposite direction in the transmission line 4 from
the points where loop probes 2 and 3 are connected.

Because the loop probes 2 and 3 and the points where they
are connected to the transmission line 4 are separated by a
quarter wavelength, the signal components induced in the
transmission line 4 by probes 2 and 3 will either add or
subtract depending upon the direction of propagation of the
surface wave.

More speciiically, a surface wave travelling from left to
rigcht when viewing FIG. 1 will cause the signal components
of the induced waves 1n the transmission line from the two
loop probes travelling to the right to add since they are 1n
phase, and thus form a first composite signal (i.e., a sum
signal) at one end of the transmission line. Signal compo-
nents travelling to the left in the transmission line subtract
and create a null since the signal component 1nduced 1n the
line from the second probe 3 1s delayed by half a wavelength
and 1s out of phase relative to the signal component induced
in the line from the first probe 2. Thus, the two signal
components travelling to the left form a second composite
signal (1.e., a difference signal) at the other end of the
transmission line.
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Similarly, for a surface wave propagating in a direction
from right to left (when viewing FIG. 1), the induced signal
components travelling to the left in the transmission line
add, and those travelling to the right subtract.

As menftioned previously, the opposite ends of the trans-
mission line 4 are preferably respectively coupled to the first
and second RF detectors 7, 8, and the outputs of the RF
detectors provide a voltage signal which 1s proportional to
the magnitude of the first and second composite signals (i.¢.,
the sum and difference signals) on the transmission line
provided to the inputs of the detectors. Accordingly, the
voltages measured at the respective outputs of the RF
detectors provide an indication of the direction of travel of
the surface wave.

The outputs of the RF detectors 7,8 are provided to the
inputs of the comparator 9. The comparator compares the
voltage signals on the outputs of detectors 7,8 and provides
an output signal which 1s indicative of which voltage 1s
oreater and, accordingly, the direction of travel of the surface
wave. If the output signal from RF detector 8 1s greater than
that of detector 7, then the surface wave 1s propagating from
left to right (when viewing FIG. 1), that is, in a direction
from the first loop probe 2 toward the second loop probe 3.
If the output of detector 7 1s greater than that of detector 8,
then the wave 1s travelling from right to left, that 1s, from the
second loop probe 3 toward the first loop probe 2.

FIG. 2 1llustrates a second embodiment of the surface
wave directional detection system of the present invention
for detecting the direction of travel of electromagnetic
surface waves along a metallic surface 11. The system
includes a first loop probe 12 and a second loop probe 13
which 1s preferably equal 1n size to the first loop probe 12.
As with the embodiment shown 1n FIG. 1 and as described
above, the electrical loop length should be small relative to
the wavelength of an electromagnetic surface wave propa-
cgating along the metallic surface. Loop probes 12 and 13 are
disposed on or 1n close proximity to metallic surface 11 and
are spaced apart at a distance from each other approximately
equal to one quarter of a wavelength of the surface wave,
and the plane of each loop 1s preferably aligned and coplanar
to each other and preferably perpendicular to the plane of the
metallic surface 11.

This system further includes a transmission line 14 con-
nected at a first end to loop probe 12 and a transmission line
15 connected at a first end to loop probe 13. A second end
of transmission line 14 i1s connected to a first mnput port 16a
of a 180° hybrid (or “magic tee”) coupler 16 and a second
end of transmission line 15 1s connected to a second 1nput
port 165 of hybrid coupler 16. A first output “difference”
port 16¢ and a second output “sum” port 16d of hybrid
coupler 16 are preferably electrically coupled through trans-
mission lines 17a and 18a to first and second RF detectors
17 and 18, respectively.

The first transmission line 14 1s one quarter wavelength
longer than the second transmission line 15. Accordingly, for
a surtace wave travelling from left to right in FIG. 2, the
induced signal components of the wave from probes 12 and
13 and on transmission lines 14 and 15 will arrive at the
hybrid in phase and will provide a sum voltage signal at
output port 161 dand a null at output port 16¢. Similarly, for
a surface wave travelling from right to left when viewing
FIG. 2, the signal components will arrive out of phase at the
hybrid 16, thereby providing a null at output port 164 and a
sum signal at output port 16c.

First and second output ports 16¢ and 16d of the 180°
hybrid 16 are preferably connected through transmission
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lines 17a and 18a to the first and second RF detector 17 and
18, respectively. The outputs of RF detectors 17 and 18 are
clectrically coupled to a pair of inputs of comparing means,
which 1s preferably a voltage comparator 19. Comparator 19
compares the detector output voltage signals corresponding
to the RF energy detected by RF detectors 17 and 18 and
generates an output signal 1 response to the comparison,
which output signal 1s indicative of the direction the elec-
fromagnetic surface wave 1s propagating, in the same man-

ner as described previously with respect to the embodiment
illustrated by FIG. 1.

FIG. 3 illustrates a third embodiment of the surface wave
directional detection system of the present invention. The
system 1ncludes a first loop probe 32 and a second loop
probe 33 disposed on or 1n close proximity to a metallic
surface 31 and separated preferably by a quarter wavelength,
as described 1 FIGS. 1 and 2 and as discussed above. A first
fransmission line 34 1s connected at a first end to the first
loop probe 32, and a second transmission line 35, equal 1n
clectrical length to the first transmission line 34, 1s con-
nected at a first end to the second loop probe 33. Second
ends of first and second transmission lines 34 and 35 are

respectively connected to a first and second input port 36a
and 36b of a quadrature hybrid (or 3dB hybrid coupler) 36.

As 1n the embodiment of FIG. 2, the system preferably
includes a first RF detector 37 which 1s coupled by trans-
mission line 37a to “A” output port 36¢ of quadrature hybrid
36, and a second RF detector 38 which 1s coupled by
transmission line 38a to “B” output port 36d of hybrid 36.
The RF detectors 37, 38 detect the amount of signal energy
at the hybrid output ports and provide a proportional voltage
signal on their outputs. RF detectors 37 and 38 are also
electrically connected to comparing means, such as voltage
comparator 39, which compares the detectors’output voltage
signals and determines therefrom the direction the electro-
magnetic surface wave 1S propagating.

A surface wave travelling from left to right when viewing
FIG. 3 causes the mnduced signal component at port 36a to
lead that at port 36b of the quadrature hybrid 36 by 90°. This
will result 1n a null at the “A” output port 36¢ and a sum
signal at the “B” output port 36d. Conversely, a surface wave
travelling from right to left, when viewing FIG. 3, will cause
an 1nduced signal component at input 365 of hybrid 36 to
lead the induced signal component at input 36a by 90°. This
will produce a null at the “B” output port 364 and a sum
signal at the “A” output port 36¢. The null and sum signals
on the output ports of the quadrature hybrid 36 are detected
by the RF detectors 37,38, and the corresponding voltage
signals from the detectors are compared by the comparator
39, which generates an output signal indicative of the
direction of travel of the surface wave, as described in
relation to the previous embodiments.

FIGS. 4A and 4B 1llustrate yet another embodiment of the
surface wave directional detection system of the present
invention. The surface wave directional detection system
shown 1n the figures 1s adapted to detect the direction of
propagation 1n two dimensions of an electromagnetic wave
propagating along a metallic surface. The system includes
two pairs of probes—a first and second loop probe, 52, 53,
and a third and fourth loop probe 54 and 35, each of which
1s disposed on or positioned in close proximity to a metallic
surtace 51. The four loop probes are preferably equal 1n size.
The first and second loop probes 52, 53 are arranged at a
distance d from each other, distance d being preferably equal
to about one quarter of a wavelength of the surface wave
within a known range of frequencies propagating upon
metallic surface 51, and such that the plane in which each
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loop probe resides 1s preferably aligned, coplanar to each
other and perpendicular to the plane of the metallic surface
51. Third and fourth loop probes 54 and 55 are arranged 1n
a like manner and separated by distance d. Loop probes 54
and 55 are also preferably coplanar, and the common plane
containing their respective loop planes 1s transverse to, and
more preferably, perpendicular to the common plane in
which the first and second loop probes and their respective
loop planes reside.

As shown 1n FIG. 4b, the first and second loop probes 52,
53 are electrically coupled to input ports 60a and 605,
respectively, of a first quadrature hybrid 60, by equal length
transmission lines 56 and 57, respectively. Similarly, the
third and fourth loop probes 54, 55 are respectively coupled
to mput port 61a and 61b of a second quadrature hybrid 61
by equal length transmission lines 38 and 59, respectively.
The “A” and “B” output ports, 60c and 60d respectively, of
the first quadrature hybrid are preferably coupled by trans-
mission lines 62a and 63a to the inputs of first and second
RF detectors, 62 and 63, respectively, and, stmilarly, the “A”
and “B” output ports, 61lc and 61d, respectively of the
second quadrature hybrid 61 are preferably connected by
transmission lines 64a and 65a to third and fourth RF
detectors, 64 and 635, respectively. The outputs of the RF
detectors 62—65 are connected to a comparator 66 which
generates an output signal on 1ts output 1n response to the
comparison of the output voltage signals generated by the
RF detectors.

To facilitate an understanding of the above-described
arrangement, assume that an electromagnetic surface wave
moves along the metallic surface 51 shown 1n FIG. 4a such
that 1ts direction of propagation defines an angle ® with the
common plane of the first and second probes 52, 53. The
wavelronts arriving at the two probes 52, 53 will be out of
phase by an amount proportional to angle ®. First consider
the output signals from the first quadrature hybrid 60. For
simplicity, the signals provided to the inputs of the hybrids
60 and 61 are assumed to be equal in magnitude and have
unit amplitude.

The induced signal from probe 52 received at first input
port 60a 1s split in the first quadrature hybrid 60 and
distributed to output port 60c 1n phase and to output port 60d
phase shifted 90°. The induced signal from probe 353
received at second input port 60b 1s split 1n hybrid 60 and
distributed 1n phase to output port 60d and to output port 60c
90° phase shifted. The signal components combine in the
quadrature hybrid 60 and form composite signals at the
output ports.

Because of the spacing d between the loop probes within
the first and second sets of loop probes and the angle of
incidence of the travelling wave, it can be shown through
simple trigonometry that the phase difference between the
signals arriving at output port 60c of quadrature hybrid 60
becomes:

g,=n/2—|2 w(d/A) cos O]

and the phase difference at output port 60d of quadrature
hybrid 60 1s:

B,=—a/2—| 2 m(d/A) cos O]

In a like manner, the 1nduced signals from probes 54 and
55 received at the mput ports 61a and 61b of quadrature
hybrid 61 are split and phase shifted 90°. The phase differ-
ence between the signals arriving at output port 6lc
becomes:
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@5=m/2—|2 n(d/A\) cos (m/2+0)]

and the phase difference at output port 61d of quadrature
hybrid 61 1s:

@,=—7/2—|2 n(d/A) cos ( /2+0)]

The amplitude of the output signal from output port 60c
of hybrid 60 may be described mathematically as:

V,=|v2 cos (¢,/2) cos 6|

Amplitude V, 1s clearly a maximum when the surface
wave 1s travelling 1n a direction coplanar to a plane con-
taining the planes of loop probes 52 and 53, 1.¢., angle 0=0.
Similarly, the amplitude of the output from hybrid output
port 60d may be described mathematically, as:

V,=|v2 cos (¢,/2) cos 6|

In the same manner, the amplitude of the output signals
from output port 61c of hybrid 61 may be expressed as:

V5=|v2 cos (¢5/2) sin 6|
and from hybrid output port 614 as:
V,=|v2 cos (¢,/2) sin 6|

The outputs of RF detectors 62—65 are electrically con-
nected to comparator 66. Comparator 66 compares the four
output voltage signals from the detectors, which are propor-
tional to the amplitude of their corresponding output signals
from hybrids 60, 61, and, based upon this comparison,
ogenerates an output signal indicative of the direction the
wave 1s propagating along surface 31.

FIGS. 5a and 5b are graphs plotting the amplitude of
output signals V, through V, against angle ®, the direction
of travel of the surface wave, for distance d equal to a quarter
wavelength. It 1s clear from FIGS. Sa and 5b that the relative
amplitudes of the output signals may be used not only to
determine the quadrant of arrival of the surface wave but
also the particular angle of arrival or direction of propaga-
tion. For example, 1n quadrant I shown 1n FIGS. 54 and 55,
the amplitudes of output signals V, and V, are greater than
those of signals V., and V,. Also, 1n the same quadrant I, the
amplitudes of output signals V, and V, are substantially
equal. In quadrant II, the amplitudes of output signals V; and
V, are greater than those of signals V, and V,, and the
amplitudes of output signals V, and V, are substantially
equal. Similar but unique relationships exist 1n the other two
quadrants for the four output signals V,—V,. Accordingly, by
comparing the amplitudes of the four output signals from
hybrids 60 and 61 (or for that matter the proportional output
voltage signals from the RF detectors 62—65), the direction
of travel of the surface wave 1n two dimensions may be
determined. Comparator 66 will make this comparison and
provide an ouftput signal indicative of the direction of
propagation of the surface wave.

One method of determining the angle ® within a particu-
lar quadrant 1s to determine a ratio of the two largest of all
four voltages. For example, in quadrant I, the ratio of the
amplitudes of signals V; to V,; may be used to determine the
angle. Optionally, the inverse of that ratio, or the ratio of the
amplitude of signal V, to signal V;, may be used when the
amplitude of signal V| 1s less than the amplitude of signal V,
in order to prevent the ratio from being a large value. In this
manner, all ratios will range between 0 and 1.

It should be noted that since voltage comparisons and
rat1os are used for determining the angle, the measurement
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1s independent of signal strength. If the RF detectors 62—65
are used at the four output ports of hybrids 60, 61, then only
DC measurements are needed to determine the angle of
travel of the surface wave.

As 1s evident from the descriptions of the surface wave
directional detection systems illustrated by FIGS. 1-5, a
method for determining the direction an electromagnetic
wave 1s propagating along a metallic surface, in accordance
with the present invention, includes the steps of positioning
at least a first loop probe in close proximity to the metallic
surface such that an electromagnetic wave propagating on
the surface induces a signal in the first loop probe, and
positioning at least a second loop probe also i1n close
proximity to the metallic surface such that a signal 1s
induced in the second loop probe. The first and second loop
probes are positioned such that they are spaced apart from
cach other a predetermined distance, such as a quarter
wavelength, so that the signal induced 1n the second loop
probe 1s out of phase with the signal induced 1n the first loop
probe.

The method further includes the steps of combining at
least portions of the induced signals of the first and second
loop probes to generate at least a first composite signal and
a second composite signal. Preferably, a first portion of the
signal mmduced 1n the second loop probe 1s delayed by a
predetermined time, such as a quarter wavelength, and
combined with a first portion of the signal induced 1n the first
loop probe to form the first composite signal. Similarly,
preferably a second portion of the signal induced 1n the first
loop probe 1s delayed by a predetermined time, such as a
quarter wavelength, and combined with a second portion of
the signal induced in the second loop probe to form the
second composite signal, such as by using a quadrature
hybrid. The magnitude of the first composite signal 1s greater
than the magnitude of the second composite signal when the
clectromagnetic wave 1s travelling in one direction, and the
magnitude of the second composite signal 1s greater than the
magnitude of the first composite signal when the wave 1s
travelling in a different direction.

The method further includes the step of comparing the
magnitudes of the first composite signal and the second
composite signal and generating an output signal in response
to their comparison. The output signal which 1s generated 1s
indicative of the direction of travel of the electromagnetic
wave.

For determining the direction 1n two dimensions 1n which
an electromagnetic surface wave 1s propagating along a
metallic surface, the method further includes the steps of
positioning third and fourth loop probes 1n close proximity
to the metallic surface and spacing the probes apart from
cach other a predetermined distance such that signals
induced 1n the third and fourth probes are out of phase with
one another, and combining at least portions of the induced
signals of the third and fourth loop probes to generate a third
and fourth composite signal. In a similar manner to the
induced signals from the first and second loop probes, a
portion of the induced signal from the fourth loop probe 1s
delayed and then combined with a portion of the induced
signal from the third probe to form the third composite
signal, and a portion of the induced signal from the third
probe 1s delayed and then combined with a portion of the
signal from the fourth loop probe to form the fourth com-
posite signal. The magnitudes of the third and fourth com-
posite signals will vary in accordance with the direction of
travel of the electromagnetic surface wave. The magnitudes
of the four composite signals are compared, and an output
signal 1s generated 1n response to this comparison, which
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output signal 1s indicative of the direction of travel of the
clectromagnetic wave.

As described previously, the present invention provides a
system and method for determining the direction in one or
two dimensions of travel of an electromagnetic surface
wave. With the present invention, no RF measurements need
be 1nvolved. Only amplitude comparisons and ratios are
used for determining the angle of travel. As a result, mea-
surements are independent of signal strength.

Although 1llustrative embodiments of the present mnven-
tion have been described herein with reference to the accom-
panying drawings, 1t 1s to be understood that the 1nvention
1s not limited to those precise embodiments, and that various
other changes and modifications may be effected therein by
one skilled 1n the art without departing from the scope or
spirit of the 1nvention.

What 1s claimed 1s:

1. A surface wave directional detection system for deter-
mining the direction in which an electromagnetic wave
propagating along a metallic surface 1s travelling, compris-
Ing:

at least a first loop probe disposed 1n close proximity to
the metallic surface;

at least a second loop probe disposed 1n close proximity
to the metallic surface and spaced apart from the first
loop probe a first predetermined distance, wherein an
clectromagnetic wave travelling along the metallic sur-
face 1nduces a signal 1 the first and second loop
probes;

a transmission line having a first probe connection point
and a second probe connection point, the first and
second loop probes being electrically coupled to the

transmission line at the first probe connection point and
the second probe connection point, respectively, the
first probe connection point and the second probe
connection point being separated by a second prede-
termined distance;

at least a portion of the signal induced 1n the first loop
probe being transmitted on the transmission line from
the first probe connection point to the second probe
connection point, and at least a portion of the signal
induced 1n the second loop probe being transmitted on
the transmission line from the second probe connection
point to the first probe connection point, the mmduced
signal portions of the first and second loop probes
combining to form a first composite signal at the first
probe connection point and a second composite signal
at the second probe connection point; and

means for comparing the first composite signal and the
second composite signal, the comparing means being
responsive to the first and second composite signals and
generating an output signal 1n response to the compari-
son thereof, the output signal being indicative of the
direction of travel of the electromagnetic wave.

2. A surface wave directional detection system as defined
by claim 1, wherein each of the first and second predeter-
mined distances 1s substantially equal to a quarter wave-
length of an electromagnetic wave propagating along the
metallic surface and in the transmission line, respectively.

3. A surface wave directional detection system as defined
by claim 1, which further comprises at least first and second
RF detectors, the first and second RF detectors being inter-
posed between and electrically coupled to the transmission
line and the comparing means.
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4. A surface wave directional detection system as defined
by claim 1, wherein the first loop probe resides 1n a first loop
plane, the first loop probe being positioned with respect to
the metallic surface such that the first loop plane 1s normal
to the metallic surface; and wherein the second loop probe
resides 1n a second loop plane, the second loop probe being
positioned with respect to the metallic surface such that the
second loop plane 1s normal to the metallic surface.

5. A surface wave directional detection system as defined
by claim 4, wherein the first and second loop probes are
positioned such that the first loop plane 1s coplanar to the
second loop plane.

6. A surface wave directional detection system for deter-
mining the direction in which an electromagnetic wave
propagating along a metallic surface 1s travelling, which
COmMPrises:

at least first and second loop probes disposed in close
proximity to the metallic surface, the first loop probe
and second loop probe being spaced apart a quarter
wavelength of an electromagnetic surface wave propa-
gating on the metallic surface such that the electromag-
netic wave 1nduces a signal in the first and second loop
probes;

a transmission line having a first end and a second end and
having a first probe connection point and a second
probe connection point, the first and second loop
probes being electrically coupled to the transmission
line at the first probe connection point and the second
probe connection point, respectively, the first probe
connection point and the second probe connection point
being separated by a quarter wavelength of the corre-
sponding electromagnetic wave propagating 1n the
transmission line;

a first RF detector electrically coupled to the first end of
the transmission line, and a second RF detector elec-
trically coupled to the second end of the transmission
line, each of the first and second RF detectors having an
output and generating thereon an output signal 1n
response to an electromagnetic wave propagating along,
the metallic surface; and

a comparator, the comparator being electrically coupled to
the outputs of the first and second RF detectors and
generating an output signal in response to the output
signals of the RF detectors, the output signal of the
comparator being indicative of the direction of travel of
the electromagnetic wave.

7. A surface wave directional detection system for deter-
mining the direction in which an electromagnetic wave
propagating along a metallic surface 1s travelling, which
COmMPrises:

at least a first loop probe disposed 1n close proximity to
the metallic surface;

at least a second loop probe disposed in close proximity
to the metallic surface and spaced apart from the first
loop probe a first predetermined distance, wherein an
clectromagnetic wave travelling along the metallic sur-
face induces a signal in the first and second loop

probes;

a first transmission line having first and second ends, the
first transmission line being electrically coupled at the
first end thereot to the first loop probe;

a second transmission line having first and second ends,
the second transmission line being electrically coupled
at the first end thereof to the second loop probe;
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at least one hybrid coupler having a first mput port, a
second 1nput port, a first output port and a second
output port, the first input port being electrically
coupled to the second end of the first transmission line
and the second 1nput port being electrically coupled to

the second end of the second transmission line, the

hybrid coupler generating an output signal on each of

the first and second output ports i1n response to an
clectromagnetic wave propagating along the metallic
surface; and

means for comparing the output signals generated by the

hybrid coupler, the comparing means being responsive
to the output signals of the hybrid coupler and gener-
ating an output signal 1n response to the comparison
thereot, the output signal of the comparing means being
indicative of the direction of travel of the electromag-
netic wave.

8. A surface wave directional detection system as defined
by claim 7, wherein the length of the first transmission line
from the first end to the second end thereof 1s greater than
the length of the second transmission line from the first end
to the second end thercof by an amount substantially equal
to one quarter of the wavelength of the electromagnetic

wave;

wherein the first predetermined distance i1s substantially
equal to one quarter of the wavelength of the electro-
magnetic surface wave; and

wherein the hybrid coupler is a 180° hybrid.

9. A surface wave directional detection system as defined
by claim 7, wherein the length of the first transmission line
from the first end to the second end thereof substantially
equals the length of the second transmission line from the
first end to the second end thereof;

wherein the first predetermined distance i1s substantially
equal to one quarter of the wavelength of the electro-
magnetic surface wave; and

wherein the hybrid coupler 1s a quadrature hybnd.

10. A surface wave directional detection system as defined
by claim 7, which further comprises at least first and second
RF detectors, the first RF detector being electrically coupled
to the first output port of the hybrid coupler, and the second
RF detector being electrically coupled to the second output
port of the hybrid coupler, each of the first and second RF
detectors having an output; and

wherein the comparing means 1s electrically coupled to

the outputs of the first and second RF detectors.

11. A surface wave directional detection system as defined
by claim 7, wherein the first loop probe resides 1n a first loop
plane, the first loop probe being positioned with respect to
the metallic surface such that the first loop plane i1s normal
to the metallic surface;

wherein the second loop probe resides 1 a second loop
plane, the second loop probe being positioned with
respect to the metallic surface such that the second loop
plane 1s normal to the metallic surface; and

wherein the first and second loop probes are positioned
such that the first loop plane 1s coplanar to the second
loop plane.

12. A surface wave directional detection system for deter-
mining the direction 1n two dimensions in which an elec-
tromagnetic wave propagating along a metallic surface 1s
travelling, which comprises:

a 1irst set of at least first and second loop probes posi-
tioned in close proximity to the metallic surface and
residing 1n a common plane;

at least a second set of at least third and fourth loop probes
disposed 1n close proximity to the metallic surface and
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residing in a common plane, the first loop probe and the
second loop probe being spaced apart by a predeter-
mined distance, and the third loop probe and the fourth
loop probe being spaced apart by the predetermined
distance, the first and second loop probes being dis-
posed relative to the third and fourth loop probes such
that the common plane of the first and second loop
probes 1s transverse to the common plane of the third
and fourth loop probes, wherein an electromagnetic
surface wave propagating along the metallic surface
induces a signal in the first, second, third and fourth
loop probes;

least a first quadrature hybrid having a first 1nput port
and a second input port and a first output port and a
second output port, the first input port and the second
input port of the first quadrature hybrid being electri-
cally coupled respectively to the first loop probe and
the second loop probe;

at

at least a second quadrature hybrid having a first input

port and a second input port and a first output port and

a second output port, the first input port and the second

input port of the second quadrature hybrid being elec-
trically coupled respectively to the third loop probe and
the fourth loop probe, the first and second quadrature
hybrids generating output signals on the output ports
thereof 1n response to an electromagnetic wave propa-
cgating along the metallic surface; and

means responsive to the output signals of the first and
second quadrature hybrids for comparing the output
signals thercof and generating an output signal 1n
response to the comparison thereof, the output signal of
the comparing means being indicative of the direction
of travel of the electromagnetic wave.

13. A surface wave directional detection system as defined
by claim 12, which further comprises at least a first RF
detector, a second RF detector, a third RF detector and a
fourth RF detector, the first and second RF detectors being
respectively electrically coupled to the first and second
output ports of the first quadrature hybrid, and the third and
fourth RF detectors being respectively electrically coupled
to the first and second output ports of the second quadrature
hybrid, each of the RF detectors having an output, the
comparing means being electrically coupled to the outputs
of the first, second, third and fourth RF detectors.

14. A method for determining the direction and electro-
magnetic wave 15 propagating along a metallic surface,
comprising the steps of:

positioning at least a first loop probe 1n close proximity to
the metallic surface such that an electromagnetic wave
propagating thereon induces a signal in the first loop
probe;

positioning at least a second loop probe 1n close proximity
to the metallic surface such that an electromagnetic
wave propagating thercon induces a signal 1n the sec-
ond loop probe, the second loop probe being spaced
apart from the first loop probe a predetermined distance
such that the signal induced 1n the second loop probe 1s
out of phase with the signal induced in the first loop
probe;

combining at least portions of the induced signals of the
first and second loop probes to generate at least a first
composite signal and a second composite signal, the
magnitude of the first composite signal being greater
than the magnitude of the second composite signal
when the electromagnetic wave 1s travelling 1 a first
direction, and the magnitude of the second composite
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signal being greater than the magnitude of the first output signal being indicative of the direction of travel

composite signal when the electromagnetic wave 1s of the electromagnetic wave. |

travelling in a second direction which is different from 15. A method as defined by claim 14, wherein the second

the first direction: anc loop probe 1s spaced apart from the first loop probe by a
S . quarter wavelength of the electromagnetic wave propagating

comparing the magnitudes of the first composite signal on the metallic surface.
and the second composite signal and generating an

output signal 1n response to the comparison thereof, the ¥ % % % %

™




	Front Page
	Drawings
	Specification
	Claims

